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TITLE 

A DC/DC-rectifier with reduced losses. 
TECHNICAL FIELD 

5 Th e present invention relates to a DC/DC-rectifier, comprising a transformer 
and primary and secondary side bridges. The rectifier according to the 
invention exhibits, inter alia, improved efficiency and reduced losses as 
compared to previously known rectifiers. 



10 BACKGROUND ART 

Rectifiers, i.e. devices which convert an electrical voltage of one level to an 
electrical voltage of another level are well known in the art, and usually 
involve a transformer, and a set of components on either side of the 
transformer, the two sides commonly being known as the primary (input) and 

15 secondary (output) side. Rectifiers which convert a first DC-voltage level to a 
second DC-voltage level are also well known, and usually involve a set of 
switches on the primary and secondary sides, in order to make it possible to 
use a transformer with DC-voltages. In conventional such devices, a pair of 
switches on the primary side is linked to a pair of switches on the secondary 

20 side, so that the linked pairs of switches on either side of the transformer are 
turned on and off simultaneously, often with the same control signal or 
control voltage. 

A well known problem in DC/DC-rectifiers is the efficiency of the device, and 
25 thus also the losses, the desire naturally being for as high an efficiency as 
possible, and as low losses as possible. 

In DC/DC-rectifiers, there is a phenomenon known as "freewheeling", which 
occurs during periods when the switches on the primary side are turned off, 
30 and the current on the secondary side circulates "freely" on the device's 
secondary side trough the load R. 



WO 2004/109898 



2 



PCT/SE2003/000962 



One source of losses, and thus of heat development in the device, comes 
form the fact that current passes through the transformer on the secondary 
during the freewheeling period. Another source of losses is switching losses 
in the primary and secondary side switches. 

5 

DISCLOSURE OF THE INVENTION 

There is thus a need for a DC/DC-rectifier with decreased freewheeling 
losses and heat development. 

10 Thus need is met by the present invention in that it provides a method for use 
in a DC/DC-rectifier, the rectifier comprising a transformer and a bridge on 
the primary side of the transformer, where the primary side bridge comprises 
a first pair of switches and a second pair of switches, and, on the secondary 
side of the transformer, a secondary side bridge comprising a first pair of 

1 5 switches and a second pair of switches. 

The method of the invention comprises linking on/off-switching of the first pair 
of switches on the primary side to the on/off-switching of the first pair of 
switches on the secondary side, with the linking of the on/off-switching of the 
20 first pair of switches on the primary side to the on/off-switching of a first pair 
of switches on the secondary side being carried out by switching off the first 
pair on the secondary side when the first pair on the primary side is switched 
on, and conversely, when the first pair on the primary side is switched off. 

25 Suitably but not necessarily, the method additionally comprises linking on/off- 
switching of the second pair of switches on the primary side to on/off- 
switching of the second pair of switches on the secondary side, with the 
linking of the on/off-switching of the second pair of switches on the primary 
side to the on/off-switching of the first pair of switches on the secondary side 

30 being carried out by switching off the second pair on the secondary side 
when the second pair on the primary side is switched on, and conversely, 
when the second pair on the primary side is switched off. 
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By means of the invention, the switches on the secondary side of the 
transformer will be in an "on-state" most of the time, as opposed to prior art. 
This will cut down switching losses on the secondary side, as well as also 
significantly reducing the freewheeling losses. The Reduction of freewheeling 
5 losses offered by the invention comes in part from the fact that the 
freewheeling current will not have to pass through the transformer, since at 
least one pair of switches will always be in an on-state when the freewheeling 
occurs, thus offering a path for the current. 

10 DRAWINGS 

The invention will be described in more detail with reference to the appended 
drawings, in which 

Fig 1 is a circuit diagram showing the secondary side of a device according 
to the invention, and 

15 Fig 2 is a timing diagram of voltage pulses used for controlling switches in a 
device according to the invention. 

EMBODIMENTS 

Fig 1 shows a circuit diagram of a device 100 to which the invention can be 
20 . applied. The device 100 comprises a transformer 110 and, on the secondary 
side of the transformer 1 10, a first pair of switches A, D, and a second pair of 
switches B, C. As can be seen, the device is designed so that it comprises 
two parallel "lines," each line comprising a switch from each of said pair. As 
can also be seen from fig 1 , the transformer is connected to the secondary 
25 side in such a way that one end of the transformer 110 is connected to a 
point in the first "line" between the two switches, and the other end of the 
transformer 110 is connected to a point in the second line, between the two 
switches in that line. 

30 Suitably but not necessarily, the switches used in the device 100 are FET:s, 
i.e. field effect transistors. 
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In addition, the device 100 comprises an inductance, L, on the secondary 
side, and there is a load, R, supplied by the device on the secondary side, 
with the load being connected in parallel to said two lines. The inductance, L, 
is connected in series between the two lines and the load. In addition, the 
5 device also comprises a capacitance, C, in parallel with the load R. 

On the primary side of the transformer 110, which is not shown in the 
drawing, there is also a first and a second pair of switches, also being 
connected a manner similar to the connection of the switches on the 
10 secondary side, i.e. two parallel lines with two switches in each, each tine 
comprising a switch from each of said pair. 

On the primary side as well, one end of the transformer 1 10 is connected to a 
point in the first "line" between the two switches, and the other end of the 
15 transformer 110 is connected to a point in the second line, between the two 
switches in that line. 

Using not shown control means, there is a linkage between a first pair of 
switches (FET:s in the example shown) on the primary side and a first pair on 
20 the secondary side, as well as between a second pair of switches on the 
primary side and a second pair on the secondary side. The linkage is in the 
form of linking the on/off-switching of linked pairs of transistors on the primary 
and secondary side respectively to each other. 

25 Thus, if the switches A and D on the secondary side are referred to as the 
first pair on the secondary side, a corresponding first pair of switches A\ D', 
on the primary side will have their on/off switching linked to the on/off- 
switching of A and D, and in a similar manner for the switches B, C, on the 
secondary side with a corresponding second pair B\ C\ on the primary side. 

30 

The linkage is often such that the same voltage pulses or pulse trains are 
applied to the linked pairs. Conventionally, the linkage has been such that 
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linked pairs of switches are switched on or off simultaneously, i.e. in the 
example of fig 1 , the switch pairs A, D - A 1 , D' and B\ C 1 - B, C respectively 
would be switched on and off simultaneously. 

5 While the principle described above works well with respect to the 
rectification function of the device 1 00, it has a number of drawbacks: first of 
all, the frequent on/off switching on the secondary side will lead to so called 
switching losses. 

10 In addition, there is something known as the freewheeling cycle, which is the 
period of time when neither of the switch pairs on the primary side is on. 
During the freewheeling cycle, there will be energy left in the system, which 
will need "to go somewhere". In a rectifier according to the prior art, this 
power will lead to a current passing through the transformer windings, 

15 leading to losses and a corresponding heat build-up. 

The switching losses on the secondary side are virtually eliminated according 
to the invention, and the freewheeling losses are kept to a minimum by 
means of the invention, using the following principle: 

20 

The same voltage pulse train is applied to linked pairs of switches, but the 
voltage train is inverted when it is applied to the switches on the secondary 
\ side, as opposed to the switches on the primary side. If, for example, 
switches A 1 , D\ on the primary side are switched on, the signal which caused 
25 them to switch on, is inverted and will cause the linked switch pair A, D, on 
the secondary side to switch off, and conversely when the switches A\ D\ on 
the primary side are caused to switch off. 

The principle described above will become easier to understand if reference 
30 is made to fig 2, which is a timing diagram of the control voltages and pulse 
trains used in the invention: 
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Fig 2a is an illustration of the control voltage applied to the first pair of 
switches on the primary side, i.e. the switches A\ D\ High voltage indicates 
that the switches are on, and low voltage indicates that the switches are off. 
The switching of the switches is controlled by not shown control means, 
5 which is true for the switching for all of the switches in the device according 
to the invention. As can be seen, the switches are turned off for longer 
periods of time than they are switched on, the importance of which will 
become apparent later in this description. 

10 Fig 2b is an illustration of the control voltage applied to the first pair of 
switches on the secondary side, i.e. the switches A and D. As can be seen, 
the control voltage applied to A and D is the inverse of the control voltage 
applied to the linked pair of switches on the primary side, A 1 D\ which thus 
will lead to the first pair of switches on the secondary side being turned off 

15 when the first pair on the primary side is turned on, and conversely when the 
pair on the primary side is turned off. 

Figs 2c and 2d are illustrations of the control voltages applied to the second 
pair of switches on the primary (2c) and secondary (2d) side. As can be 
20 seen, the principle of "opposite states" (on/off) described in connection with 
figs 2a and 2b is true for the second pairs of switches as well. 

One of the important factors if the invention can now be understood: with 
reference to figs 2b and 2d: at least one pair of switches on the secondary 
25 side will always be in the on state. This means that there will be no switching 
losses on the secondary side, since there is always at least one pair of 
transistors which can conduct current. 

In addition, the fact that at least one pair of transistors on the secondary side 
30 will always conduct current causes the virtual elimination of the freewheeling 
losses, since the transistor pair which is on will offer an alternative current 
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path to the freewheeling current, as opposed to passing through the 
transformer's windings. 

The inversion of the control voltage to the switches on the primary side is 
5 carried out by means of well known inverting means, which will not be 
described in more depth here. 

By means of the invention, linked pairs of transistors on either side are thus 
not turned on simultaneously. The "normal" state of the switches on the 
10 secondary side in a device according to the invention is thus the opposite of 
the linked switches on the primary side, in the example shown the "on" state. 

Thus, when a pair of switches on the primary side is turned on, the 
corresponding pair on the secondary side is turned off, thus causing that pair 
1 5 not to conduct current. 

Accordingly, by means of the invention a DC/DC-rectifier is obtained which is 
simple to design and inexpensive to produce, yet has virtually no switching 
losses and low freewheeling losses. 

20 

Finally, it should be pointed out that the switches on the primary side of the 
bridge can be configured in a large number of ways within the scope of the 
invention. As can be seen in fig 2e, a principle of the invention can still be 
maintained, with a large number of types of bridges on the primary side of the 
25 transformer: fig 2e shows the voltage U over the transformer, and as can be 
seen, the principle referred to is that the state of the switches on the 
secondary state is on when the voltage U over the transformer is zero or 
close to zero. 



